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[bookmark: _Toc450844546]Abstract
The aim of this study is to examine whether there are hot water exotics present at the exhaust pipes of the nuclear power plant in Borssele. The animals found on the structures at the exhaust pipes and on the structures at the checkpoint are compared. GLOBE protocols were used to study the temperature and the Ph-value of the water at the exhaust pipes and the checkpoint. We worked on this project since the beginning of January till halfway of May. Our conclusion is that our hypothesis cannot be verified. We can conclude this because we do not have results. This could be because of various reasons, which we included in our analysis and results in our report.
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[bookmark: _Toc450844548]Research questions and Hypothesis 
Our research question is: Are there hot water exotics present near the exhaust pipes of the nuclear power plant of Borssele? And if so, which ones? We came to this research question when our client, Inez Flameling, brought up this idea. She is a marine biologist who has heard stories of men finding exotics near the exhaust pipes and she would like us to find out if these stories are true.
  
The importance of the research in a greater context is quite clear. There are people from all over the world who are going to do the same kind of research. Those people work for NIOZ, the Royal Netherlands Institute for Sea Research. NIOZ conducts worldwide fundamental and frontier-applied scientific research on important processes in delta areas, coastal seas and oceans. NIOZ is creating artificial reefs at different spots in the water and they are researching what grows on it. We are doing the same thing so our outcomes will be part of a bigger, global, research.  

Our hypothesis is that we are not going to find any hot water exotics near the exhaust pipes of the nuclear power plant of Borssele. The time that we have to do this experiment is too short. We think that the water flow is very strong so the hot water exotics cannot grow that fast. Together with the limited amount of time that we are given, we think we cannot find any hot water exotics in the Westerschelde. 

Before we could answer our research question, we made up some sub-question to help us understand the research question better which automatically results in a more sufficient way of doing research.  
 
· Sub-question 1, What are hot water exotics?  
· Sub-question 2, How did the hot water exotics come there, if they are 
           present?
· Sub-question 3, Which structures can we design? 
· Sub-question 4, What materials can we use for our structures?
· Sub-question 5, Which materials are overgrown the most?  
· Sub-question 6, Design a structure. 
· Sub-question 7, Which animals do already live in the Westerschelde? 
· Sub-question 8, Where will we place the structures? 
· Sub-question 9, How can we make sure that the structures do not wash 
           away?
· Sub-question 10, How can we easily find the structures back? 
· Sub-question 11, How many metres from the land should the structures 
           be? 
· Sub-question 12, How many degrees warmer is the water near 
           the exhaust pipes in comparison to the second place? And what’s the 
           difference in PH-value? 


[bookmark: _Toc450844549]Materials and Method
We used different materials and procedures to measure the temperature of the Seawater and the PH-value of the sea water. In this part we will explain how to measure both of them.
Measuring the temperature of the sea water
To measure the temperature of the water you need a special thermometer that can handle salt water and won’t break. When you have such a thermometer you need to take the measurements. First you put the thermometer in the water and keep it there for 3 minutes. Than you have to put it back in the water for another minute and check if you get the same temperature as the first measurement. If not put it back for another minute. Important Is that you do 2 measurements after each other and if they differ continue till you have a steady temperature. Don’t throw the thermometer in the water because their might be small rocks that may damage or even break the thermometer. This method of measuring temperature comes from Globe water protocol B4.

Measuring the PH value of the water.
To measure the PH-value of the water you need a box of PH measuring strips with materials on it that react different and get different colors when putting it in fluids with different PH-values. On the box of the PH-strips there is a set of colors for all different PH values. When you have the PH strips you need to take the measurements. First put 1 PH-strip in the water and hold it there for about a minute and check with the sets of colors on the box which PH-value the water has. Important is to compare the colors carefully with the ones on the box and when you are not sure take another strip because not all strips are perfect. This method of measuring the PH-value comes from Globe Water Protocol B7b.



Data Summary
Table 1:
	
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 7 

	Exhaust pipes
	17 °C
	14 °C
	16 °C
	18 °C
	17 °C
	16 °C
	18 °C

	Checkpoint
	7 °C
	7 °C
	11 °C
	10 °C
	10 °C
	10 °C
	10 °C


Table of the temperature of the water near the exhaust pipes of the nuclear power plant and the temperature of the water from the checkpoint. 
Table 2:
	
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 7 

	Exhaust pipes
	6
	6
	7
	7
	7
	7
	7

	Checkpoint
	6
	6
	7
	7
	7
	7
	7


Table of the PH-value of the water near the exhaust pipes of the nuclear power plant and the temperature of the water from the checkpoint.

Graph 1:
 
Graph of the temperature of the water near the exhaust pipes of the nuclear power plant and the temperature of the water from the checkpoint. 
The temperature difference between the two spots is pretty big, as you can see in the table and graph. The average difference of the water temperature is 7,3 °C. This was not unexpected because of the large amount of hot water coming out of the exhaust pipes from the power plant.


Graph 2:
 
Graph of the PH-value of the water near the exhaust pipes of the nuclear power plant and the temperature of the water from the checkpoint.
The PH-value is not constant. It starts with a value of 6 which is a bit acidity. Later on the PH-value changes into a value of 7 which is basic. The cause of this change is unclear to us. We think it could be false measurements but it could also be a external factor that influencing the is PH-value, for instance, rain or the direction of the wind. 





Analysis and Results
Unfortunately we have got no end results. Our structures have moved and do not lay in the water anymore. This could be because of a couple of reasons:
· Vandalism
· The police or EPZ maybe removed the structures
· The stream underneath the surface might have been to strong and the structures could have floated away.
· The structures could have been to heavy and be covered under the sand 
· Fisherman might have caught the structures and threw it away
· The baskets we put the stones in might have been too weak
· The knots could have been too loose so the structures cannot be found back
· The research on the structures could have been too superficial
We do not know exactly what happened but these are the reasons why it could have gone wrong. 
As said before, the temperature difference between the two spots is pretty big. The average difference of the water temperature is 7,3 °C. This was not unexpected because of the large amount of hot water coming out of the exhaust pipes from the power plant.
The PH-value is not constant. It starts with a value of 6 which is a bit acidity. Later on the PH-value changes into a value of 7 which is basic. The cause of this change is unclear to us. We think it could be false measurements but it could also be a external factor that is influencing the PH-value, for instance, the weather or wind direction. 






Conclusions
Sub-question 1, What are hot-water exotics? 
Exotics species means a plant or animal species introduced into an area where they do not occur naturally. It is a species living outside its native distributional range, which has arrived there by human movement, it can be on purpose or accidental. Other words for  an exotic species are: An introduced, alien, non-indigenous, or non-native species.  
Hot water-exotics are introduces species, which normally occur in hot water and since we don’t have hot water in the Netherlands (in the Westerschelde it's about 7 degrees Celsius), it is obvious that they are not from here but from other waters. Near the exhaust pipes of the nuclear power plant in Borssele, the water is hotter than the regular 7 degrees Celsius because heated water comes out of those pipes. In conclusion, what we are searching for are species that normally do not occur in the cold water of the Netherlands but do occur near the exhaust pipes of the Westerschelde where the water is hotter than the regular water temperature in the Netherlands. 
 
[bookmark: _Toc450844552]Sub-question 2, How did Hot water exotics come there, if they are present? 
Hot water exotics in the Westerschelde are introduced species. A species will be considered introduced when its transport into an area outside of its native range is human mediated. Introduced species can be transported accidentally or intentional.  
An example of how species are introduced accidentally is on ships that sail from their native range to another destination like Europe. The organisms hold on to the bottom of the ship and release themselves somewhere outside their native range.   
An example of how species are introduced intentionally is when people think the species will live in a beneficial way to humans they get some organisms from their native range, bring them home and release them.
 
[bookmark: _Toc450844553]Sub-question 3, Which structures can we design? 
As structures we can use artificial reefs. These are manmade structures that may mimic some of the characteristics of a natural reefs. 
Artificial reefs are made with several designs.  
[image: ][image: ]                                                                                                    
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Sub-question 4, What materials can we use for our structures?
Artificial reefs can be built in several ways. Many reefs are built up by using existing materials. For instance, this can be done by sinking oil rigs (through the Rigs-to-Reefs program), scuttling ships (such as the USS Oriskany), or by deploying rubble, tires, or construction debris. Other artificial reefs that are built are for instance made of ASR or reef balls or from PVC and/or concrete. Beneath, we have a table about types of materials used for artificial reef construction.   

 [image: ]
 
Sub-question 5, Which materials are overgrown the most?
On the internet was no information about which material is overgrown the most. But because concrete is used the most, we think this material is overgrown the most out of all materials. 
 
[bookmark: _Toc450844554]Sub-question 6, Design a structure:
[image: ][image: ]Our structures are as followed:
 

  
 
 
 


 

The material of these structures is concrete and the basked is made of goat netting. We chose these materials and structures because a lot of things will probably grow on them and the structures we designed were relatively easy to make.    

[bookmark: _Toc450844555]Sub-question 7, What does already live in the Westerschelde?                                                                              
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Sponges:
Pale peaks sponge
[image: http://www.anemoon.org/portals/0/Soorten/Bleke%20piekjesspons%20(Hymeniacidon%20perlevis)/Bleke-piekjesspons_Hymeniacidon-perlevis_Marco-Faasse_800.png]
Yellow vein sponge
[image: http://www.anemoon.org/portals/0/Soorten/Boorspons%20(Cliona%20celata)/Boorspons_Cliona-celata_Niels-Schrieken_800.png]
Yellow wart sponge
[image: http://www.anemoon.org/portals/0/Soorten/Broodspons%20(Halichondria%20(Halichondria)%20panicea)/Broodspons_Halichondria%20panicea_Dreischor_parking_600_Niels%20Schrieken.jpg]
Antler sponge
[image: http://www.anemoon.org/portals/0/Soorten/Gele%20aderspons%20(Mycale%20micracanthoxea)/Gele%20aderspons_Mycale%20micracanthoxea1_400px_pijlen.jpg]




Lobjes sponge
[image: http://www.anemoon.org/portals/0/Soorten/Bleke%20badspons%20(Celtodoryx%20ciocalyptiodes)/Bleke%20badspons_Celtodoryx%20ciocalyptiodes_Ron%20Offermans.jpg]
[image: http://www.anemoon.org/portals/0/Soorten/Geweispons%20(Haliclona%20(Haliclona)%20oculata)/Geweispons_Haliclona%20Haliclona%20oculata_Niels%20Schrieken%20(2).jpg]
Purple tubes sponge






Soft sponge balls
[image: http://www.anemoon.org/portals/0/Soorten/Weke%20slijmspons%20(Halisarca%20dujardini)/Weke%20slijmspons_halisarca%20dujardini_Peter%20van%20Bragt_2008.jpg]





tubes sponge
[image: http://www.anemoon.org/portals/0/Soorten/Witte%20buisjesspons%20(Leucosolenia%20variabilis)/132233_960x600_pijlen.png]



Phylum cnidarian:
Breakwater Anemone
[image: http://www.anemoon.org/portals/0/Soorten/Golfbrekeranemoon%20(Diadumene%20cincta)/Golfbrekeranemoon.jpg]
Gargle pipe polyp
[image: http://www.anemoon.org/portals/0/Soorten/Gorgelpijppoliep%20(Ectopleura%20larynx)/Gorgelpijppoliep_Ectopleura-larynx_Niels-Schrieken_1000_750_pijl.png]
Clapper Bell
[image: http://www.anemoon.org/portals/0/Soorten/Klepelklokje%20(Sarsia%20tubulosa)/Klepelklokje_Sarsia-tubulosa_Lodewijk-van-Walraven_800.png]

Kruiskopkwalletje
[image: http://www.anemoon.org/portals/0/Soorten/Kruiskopkwalletje%20(Nemopsis%20bachei)/Kruiskopkwalletje_N.bachei_schetsje.jpg]



Long seathreat
[image: http://www.anemoon.org/portals/0/Soorten/Lange%20zeedraad%20(Obelia%20longissima)/Lange%20zeedraad%20Obelia%20longissima%20(foto%20Martijn%20van%20der%20Bent).JPG]
Sea tree
[image: http://www.anemoon.org/portals/0/Soorten/Zeeboompje%20(Eudendrium%20arbuscula)/Zeeboompje_Eudendrium%20arbuscula_Oosterschelde_Sas%20van%20Goes_Patrick%20van%20Moer_5%2011%202015.jpg]
Fresh water jelly fish
[image: http://www.anemoon.org/portals/0/Soorten/150823-669.jpg]
Mollusks:
Brown fold snail
[image: http://www.anemoon.org/portals/0/Soorten/Asgrauwe%20keverslak%20%20(Lepidochitona%20(Lepidochitona)%20cinerea)/Asgrauwe%20keverslak_Lepidochinota%20cinerea_Freddy%20Struunen.jpg]


Japanese Spine Bugel
[image: http://www.anemoon.org/portals/0/Soorten/Japanse%20stekelhoren%20(Ocenabra%20inornata)/Japanase-stekelhoren_Ocenebra-inornata_Boomkil_JackieODiving_II.png]
Jenkins water bugel
[image: http://www.anemoon.org/portals/0/Soorten/Jenkins%20waterhorentje%20(Potamopyrgus%20antipodarum)/Jenkins%20waterhorentje%20_Potamopyrgus%20antipodarum%20PICTAN.jpg]
Small Astarte
[image: http://www.anemoon.org/portals/0/Soorten/Kleine%20alikruik%20(Melarhaphe%20neritoides)/Kleine%20alikruik_Melarhaphe%20neritoides_Anemoon.jpg]
Brush Worms : 
Velvet sea mouse
[image: http://www.anemoon.org/portals/0/Soorten/Fluwelen%20zeemuis%20(Aphrodita%20aculeata)/zeemuis-01.jpg]
Gladschubbige zeerups
[image: http://www.anemoon.org/portals/0/Soorten/Gladschubbige%20zeerups%20(Harmothoe%20imbricata)/Gladschubbige-zeerups_Harmothoe-imbricata_Arjan-Gittenberger_800.png]
Green bladkieuwworm
[image: http://www.anemoon.org/portals/0/Soorten/Groene%20bladkieuwworm%20(Eulalia%20viridis)/Groene%20bladkieuwworm_Eulalia%20viridis_Den%20Osse%20Parking_4mei2015_Filip%20Staes%20(2).jpg]
Fan tube worm
[image: http://www.anemoon.org/portals/0/Soorten/Waaierkokerworm%20(Sabella%20pavonina)/Waaier-kokerworm_Sabella-pavonica_Zeelandbrug_Janny-Bosman_800.png]
Lug
[image: http://www.anemoon.org/portals/0/Soorten/Zeepier%20(Arenicola%20marina)/1_Zeepier2.JPG]
Crabs :
Velvet swimming crab
[image: http://www.anemoon.org/portals/0/Soorten/Fluwelen%20zwemkrab%20(Necora%20puber)/Fluwelen%20zwemkrab_Necora%20puber_Niels%20Schrieken.png]
Hairy porcelain crab[image: http://www.anemoon.org/portals/0/Soorten/Harig%20porceleinkrabbetje%20(Porcellana%20platycheles)/Harig-porceleinkrabbetje_Porcellana-platycheles_Luc-Rooman_800_600.png]


Small hay wagon crab
[image: http://www.anemoon.org/portals/0/Soorten/Kleine%20hooiwagenkrab%20(Macropodia%20parva)/Kleine%20hooiwagenkrab_Macropodia%20parva_Ron%20Offermans.jpg]

Paintbrush crab
[image: http://www.anemoon.org/portals/0/Soorten/Penseelkrab%20(Hemigrapsus%20takanoi)/Penseelkrab_Hemigrapsus-takanoi_AWGmeligMeyling_800.png]
Lobsters :
European sea lobster
 [image: http://www.anemoon.org/portals/0/Soorten/Europese%20zeekreeft%20(Homarus%20gammarus)/Europese%20zeekreeft_Homarus%20gammarus_Ellen%20Kop.jpg]
Mottled American crayfish
 [image: http://www.anemoon.org/portals/0/Soorten/Gevlekte%20Amerikaanse%20rivierkreeft%20(Orconectes%20limosus)/Gevlekte-Amerikaanse-rivierkreeft_LucRooman_900_pijlen.png]




Hairy ghost lobster
[image: http://www.anemoon.org/portals/0/Soorten/Harig%20spookkreeftje%20(Caprella%20mutica)/Harig-spookkreeftje_Caprella-mutica_Arjan-Gittenberger_1000_750.png]
Shrimps : 
Brackish Water Prawn
[image: http://www.anemoon.org/portals/0/Soorten/Brakwatersteurgarnaal%20(Palaemonetes%20varians)/Brakwatersteurgarnaal_Palaemonetes%20varians_Adriaan%20Gmelig%20Meyling.jpg]

Moss animals : 
Bryozoans
[image: http://www.anemoon.org/portals/0/Soorten/Gepluimde%20hoorncelpoliep%20(Bugula%20plumosa)/Gepluimde%20hoorncelpoliep_Bugula%20plumosa_Wijnand%20Vlierhuis.jpg]
Spiral Moss animals
[image: http://www.anemoon.org/portals/0/Soorten/Gepluimde%20hoorncelpoliep%20(Bugula%20plumosa)/Gepluimde%20hoorncelpoliep_Bugula%20plumosa_StAnemoon.png]


Echinoderms :
Brittle star
[image: http://www.anemoon.org/portals/0/Soorten/Slangster%20(Ophiura%20ophiura)/Slangster_Ophiura%20ophiura_Silvia%20Waajen.jpg]

Starfish
[image: http://www.anemoon.org/portals/0/Soorten/Zeester%20(Asterias%20rubens)/1_Zeester_Asterias%20rubens_Silvia%20Waajen.jpg]
Sea squid : 
Chilean sea squid
[image: http://www.anemoon.org/portals/0/Soorten/Chileense%20zakpijp%20(Corella%20eumyota)/Chileense%20zakpijp_Corella%20eumyota_Marco%20Faasse.jpg]
Garland sea squid
[image: http://www.anemoon.org/portals/0/Soorten/Slingerzakpijp%20(Botrylloides%20violaceus)/Slingerzakpijp1.jpg]




Fish : 
Poor cod
[image: http://www.anemoon.org/portals/0/Soorten/Dwergbolk%20(Trisopterus%20minutus)/1_Dwergbolk_Trisopterus%20minutus_Wijnand%20Vlierhuis.jpg]
Spined loach
[image: http://www.anemoon.org/portals/0/Soorten/Kleine%20modderkruiper%20(cobitis%20taenia)/Kleine-modderkruiper_Cobitis-taenia_30apr2014_Aaf-verkade_560.png]
Taurulus bubalis
[image: http://www.anemoon.org/portals/0/Soorten/Groene%20zeedonderpad%20(Taurulus%20bubalis)/Groene%20zeedonderpad_Enophrys%20bubalis_Merel%20Hogeweg.jpg]
Eelpout
[image: http://www.anemoon.org/portals/0/Soorten/Puitaal%20(Zoarces%20viviparus)/Puitaal_Zoarces%20viviparus_Wijnand%20Vlierhuis.jpg]
Plaice
[image: http://www.anemoon.org/portals/0/Soorten/Schol%20(Pleuronectes%20platessa)/1_Schol_%20Pleuronectes%20Platessa_Wijnand%20Vlierhuis.jpg]
Shorthorn sculpin
[image: http://www.anemoon.org/portals/0/Soorten/Zeedonderpad%20(Myoxocephalus%20scorpius)/Zeedonderpad_Myoxocephalus%20scorpius_Linda%20Raaphorst.jpg]
Corkwing wrasse
[image: http://www.anemoon.org/portals/0/Soorten/Zwartooglipvis%20(Symphodus%20melops)/Zwartooglipvis_Symphodus%20melops_Wijnand%20Vlierhuis.jpg]
Red algae :
Irish moss
[image: http://www.anemoon.org/portals/0/Soorten/Iers%20mos%20(Chondrus%20crispus)/Iers%20mos_Chondrus%20crispus_Neeltje%20Jans_21-11-205_Niels%20Schrieken.jpg]
Much branched panicle whose
[image: http://www.anemoon.org/portals/0/Soorten/Japans%20pluimwier%20(Dasysiphonia%20japonica)/Heterosiphonia%20japonica,%2020x%20vergroting,%20Luna%20van%20der%20Loos.jpg]



Green algae : 
Bowel Weeds
[image: http://www.anemoon.org/portals/0/Soorten/Darmwieren%20(Ulva%20sp.%20-%20Enteromorpha)/Darmwier_Ulva%20sp%20-%20Enteromoproha_Neeltje%20Jans_Niels%20Schrieken.jpg]
Rock Wier
[image: http://www.anemoon.org/portals/0/Soorten/Rotswier%20(Cladophora%20rupestris)/Cladophora_rupestris_Helgoland.jpg]
Featherweight Wier
[image: http://www.anemoon.org/portals/0/Soorten/Vederwier%20(Bryopsis%20plumosa)/Vederwier_Bryopsis-plumosa_Siep-Busink.png]
Laver
[image: http://www.anemoon.org/portals/0/Soorten/Zeesla%20(Ulva%20sp)/Zeesla_Ulva%20sp_Denise-Verstraeten_1000_750.png]


Brown algea : 
Wrack
[image: http://www.anemoon.org/portals/0/Soorten/Blaaswier%20(Fucus%20vesiculosus)/Blaaswier1-Fucus%20vesiculosus_Dennis%20Leeuw.jpg]
Sea - sawed oak
[image: http://www.anemoon.org/portals/0/Soorten/Gezaagde%20zee-eik%20(Fucus%20serratus)/Gezaagde%20zeeeeik_Fucus%20serratus1_DirkJan%20Saaltink.jpg]




[image: http://www.anemoon.org/portals/0/Soorten/Kleine%20zee-eik%20(Fucus%20spiralis)/Kleine%20zeeeik_Fucus%20spiralis1_DirkJan%20Saaltink.jpg]
Fucus spiralis
[bookmark: _Toc450844556]Sub-question 8, Where will we place the structures?
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[bookmark: _Toc450844557]Sub-question 9, How can we make sure the structures do not wash away?
To make sure that the structures do not wash away because of the flow of the water the structures should heavy enough to stay on the ground. If the structures are not heavy enough they should be made heavy by a weight attached to the bottom. It is also possible to attach the structures to a landing- stage for certainty.

[bookmark: _Toc450844558]Sub-question 10, How can we easily find the structures back and make sure nobody touches them? 
When we place our structures in the sea, we have to make sure we don’t lose them. A solution for this is to firmly knot a rope to the structure with a buoy tied to the end. The buoy will float on the water and we can follow the rope back to the structure under water. To make sure that nobody touches the structures while we are gone, we will write on the buoy that nobody may touch it because it is an biological experiment. We could also place a pale with the message near the structures but on the land.

[bookmark: _Toc450844559]Sub-question 11, How many metres from the land should we place the structures? 
The structures should be completely under the water and on the bottom of the Westerschelde. We should be able to properly get the structures out without being too far in the water so the structures may not be too far away from the land. When we go to the pipes, we will have a clear overview of the situation and we can determine where to place the structures. 

[bookmark: _Toc450844560]Sub-question 12, How many degrees warmer is the water near the exhaust pipes in comparison to the second place? And what’s the difference in PH-value? 
See our chapter data summary. 
[bookmark: _Toc450844561]Answer to our main question
Our conclusion is that our hypothesis cannot be verified. We can conclude this because we do not have results. This could be because of various reasons, which we included in our analysis and results in our report.

[bookmark: _Toc450844562]Discussion
For this project there are lots of improvements to be made in how the structures can be sealed on their place and how we can make sure they stay there for a few months. We should have had more contact with the EPZ and the police guarding the Nuclear Power plant so they knew what we were going to do and they can keep an eye on the structures when are not there. We also could have sealed the structures to the bottom at different places, place more structures and make more control posts.
The result of this project would have been shared to organizations that are doing research on how different sea organisms grow on different materials and the rate at which they grow. We also used an bio plastic structure from NIOZ in Yerseke designed to grow muscles on and we would have shared with them if muscles and other organisms grow on that structure. The measurements of temperature and PH value will be shared with the Globe Database.
This project will probably be done again next year by different students that will try to do this project with the recommendations in this report.
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